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One of the Coldest Places in the Universe
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Photon

Microcalorimeter : Thermometer

Turn kinetic energy into heat -» /

Measure with a sensitive thermometer >
Histogram energy from each event (Spectroscopy!)
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Microcalorimeter
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Si Detector Counts/10 eV

Key microcalorimeter advantage:

10x better energy resolution than semiconductor detectors
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Si Detector Counts/10 eV

Microcalorimeter
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Microcalorimeter

“alpha” Decay Energy Spectroscopy

-

Gamma Array (SLEDGEHAMMER)
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Cryogen-Free Cryostats

BAYMAX (x-ray)

SOFIA (gamma)

SARAH (DES)
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Entropy: The Good Guy Story

24 Law of
Thermodynamics
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Entropy: The Good Guy Story

2nd Law of

Spins align Thermodynamics
v - v
Current is applied Current is stopped
Low Entropy > High Entropy
Low Energy »  High Energy

Steal heat from the system
(i.e. make cryostat cold)
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Cryogen-Free Cryostats

BAYMAX
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Nuclear Safeguards

Trinity Test (July 16, 1945)

1% Los Alamos Nuclear Reactor being refueled



Nuclear Safeguards
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Gamma Ray

Nuclear Safeguards
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Gamma Ray

Nuclear Safeguards
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Gamma Ray

Nuclear Safeguards
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Nuclear Safeguards
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International Atomic Energy Agency
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Gamma Ray Spectroscopy

Applications in safeguards and material
accounting:

W ‘ Plutonium isotopic composition
| - 3 CdTe * Purified U and Pu products
: ‘ * U/TRU products

* Fresh MOX fuel
* Wastes

85% 2°Pu Nuclea.r data for improved HPGe
: , | M analysis
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Single pixel: 22 eV FWHM (100 keV)
Large array: 50-70 eV FWHM (100 keV)
Planar HPGe: ~5630 eV FWHM (100 keV)
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Gamma Ray Spectroscopy
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Gamma Ray Spectroscopy

Enrichment Close to 20%

2\ o)
w?’@ 2 o
SR =
< <
K3 o (o>
P
& & &

105':
Enrichment in Fresh Fuel g .
&,\‘:ﬁ}“\\\ o7 & e

101 -

Counts

10!( -

10% 4

(<

0.71% Enriched
2.95% Enriched
20.06% Enriched

----------- HPGe 20.06% Enriched

“a-ww'jmg.;wﬁ‘”

1‘
w“mwj hm_,-nnﬁwww.ﬂ'

T T T T T
112.5 113.0 113.5 114.0 114.5 115.0
Energy (keV)

Los Alamos

NATIONAL LABORATORY

0.71% Enriched

2.95% Enriched
20.06% Enriched
HPGe 20.06% Enriched

90

T T

91 92 93 94
Energy (keV)

M.P. Croce, arxiv 2104.03376.



Normalized Intensity
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Gamma Ray Spectroscopy
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Gamma Ray
Spectroscopy
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A Bright Future

Scalable, high-throughput architecture based on
microwave frequency-division multiplexing

small scale array
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Raw units

A Bold Future
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Hyperspectral
X-ray Imaging
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Hyperspectral

X-ray Imaging
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Hyperspectral
X-ray Imaging

Magnet

IAEA: Environmental sampling is “the
measure confirming the absence of
undeclared nuclear material or nuclear

activities”
A. Bosko (IAEA), presentation at LANL Oct. 15, 2019
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Hype rspeCtraI e High resolution, ~6 eV, can resolve U and Pu peaks

and measure their ratios

X- ray Imaging e Decrease the detection limit for trace elements
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1/ P N N
Il I Il
—— Simulated TES
- Standard EDS
T h
105___. ] .
S B —1— —
10%4

Ew M Ll | rk\—h \J

310 3.05 320 325 330 335 340 345 350 355 3.60 3.65 3.70 3.75 3.80
Energy (keV)
NS
0:9 Los Alamos

NATIONAL LABORATORY



Hyperspectral

X-ray Imaging
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Hyperspectral
X-ray Imaging

Magnet

Sample
enters

here

lons accelerated

-
-

Electron beam
source

Magnetic field
deflects lightest .
ions most Detector “~,

Abundance

|l

o Mass to charge ratio (m/z)

N
(9 Los Alamos

NATIONAL LABORATORY



Outline

« Safeguards Applications
-Gamma
—-X-ray
—Alpha/Decay Energy Spectroscopy

AAAAAAAAAAAAAAAAAA



Decay Energy Spectroscopy

absorber with embedded sample

M Decay Energy Spectroscopy
M Conventional Alpha Spectroscopy
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Decay Energy Spectroscopy

Advantages

* Low activities
— Easy to transport

e Simplified spectra
— Easy to analyze

* Multiple isotopes at once
— No chemistry

* Minimal sample preparation
(compared to mass spec)
— No chemistry
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Decay Energy Spectroscopy - Nuclear Foresnsics
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Decay Energy Spectroscopy - Cancer Research

225A¢ and 227Ac
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Decay Energy Spectroscopy - Neutrino Physics

163Ho —» 193Dy* + v, - 13Dy + v, +l(e1ectrons, photons, phonons)j

|

Eqtom = Q — E,

1077 N1

Counts per 6 eV bin

M.P. Croce, J. of Low
Temp. Phys., 2016.
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Decay Energy Spectroscopy

Intersection of Nuclear and Atomic Theory

193pt electron capture
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A Bright, Bold Future

Nuclear Safeguards
and Metrology
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Do you have a problem that could benefit
from ultra high energy resolution?

Microcalorimeter

Your problem
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